Methods of statistically analysing data from electronic component lifetests are discussed. Particular emphasis is given to analysis techniques using the assumptions of constant hazard rate (Exponential distribution), the Weibull distribution and mixed Weibull distributions. The methods used for analysing Weibull data when the data itself is non-uniform due to both removal of test samples during test and also the non-continuance of surveillance of components under test are discussed. Attention is finally given to the effect of two or more failure mechanisms which can produce S-shaped patterns when data is plotted on Weibull Graph paper.
INTRODUCTION
The subject of statistical analysis of lifetest data is very wide and several textbooks treat this subject in depth. Most textbooks in reliability engineering include directly or in an appendix many of the fundamental theories and methods. It is not the purpose of this paper to compete with the textbooks, merely to attempt to extract some methods which by experience have proven to be useful and which are not too complex to be applied in the day-to-day engineering work in industrial R & D laboratories. For a more complete treatment some of the textbooks in the list of references may be studied (Ref. 1, 2, 3, 4) .
In the following we will start by going through some of the most important definitions of reliability and try to explain their practical applicability. The next step will be to discuss the different reliability tests and failure types to be taken into account. Further, as the main body of the paper, some very useful applications of Weibull analysis technique will be described in detail. The concepts and methods will be explained by practical examples, founded on experience from real life.
The paper is oriented towards components (or in general terms: non-repaired items). For repairable items which are repaired during their life, the methods cannot be used.
SOME IMPORTANT RELIABILITY MEASURES
The concept of reliability is clearly expressed in the definition:
The ability of an item to perform a required function under stated conditions for a stated period of time.
The three key phrases are underlined and we will return to this definition several times in the paper. which says that the reliability is the probability, P, of having a lifetime (tactual) greater than the stated period of time t. The word "lifetime" means that the item under consideration performs the required function under stated conditions. These two conditions are often forgotten when planning and interpreting lifetests.
The lifetime tactual of an item can be both shorter and longer than t. Having a specific item in our hands, we cannot tell how long tactual would be for that particular item. This means that the lifetime is a stochastic variable which has an associated probability <listribution that may be characterized by one or more parameters. One of the purposes of a lifetest is to estimate these parameters.
Probability distributions are usually expressed in terms of the cumulative distribution function c.d.f, or the probability density function p.d.f. In the present case we have the c.d.f.
for the lifetime expressed as:u
F(t) P(tactual < t)
This states the probability of having a lifetime shorter than or equal to the stated period of time. As an item either performs its function or not, we have:
because the total probability cannot exceed one. The corresponding p.d.f, is dF(t) f(t)-dt While the p.d:f, is seldom used, a further measure that is often used in reliability technology is the hazard or failure rate function.
h(t) f(t)/R(t)
The failure rate h(t) expresses the conditional probability such that:n h(t) dt is the probability that the item will fail in the coming time interval dt given that it has survived the stated period of time t.
For small values of where R(t) is close to unity, the p.d.f, and the hazard rate function are almost identical. As R(t) decreases with time h(t) and f(t) differ more and more.
One of the most used and abused reliability measures is the mean time to failure, MTTF. This is simply the mean value of our stochastic variable, the lifetime.
It 
For the hazard rate we obtain:--h(t) . Therefore, using such paper, a plot of F(t) versus time can give a straight line of slope ft.
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Example
Analysing further the lifetest data for the CMOS circuits discussed previously (Section 3), we find the following lifetimes for the failed components (Table I) . Using the formula for suspended items, equation (6), we obtain the table below (Table  III) . It The first failure in a group can be taken to be the top one in the group and one can draw a Weibull curve using only these points.
Taking these aspects into account, the corresponding time-to-failure and calculated median rank values, (equation (6)) can be tabulated as follows.
The median rank value, (t), is calculated using the sample size n 818 at all Times. 
8.184
The Weibull plot of the data is shown in figure 6 and it appears that a straight line through the top points in a group is a reasonable approximation.
From the graph we can derive the values for fl and 7. fl=l.8 Other figures may be derived as well, for example the well know B10-1ife, which is the time where 10% of the components have failed. From figure 6 we obtain:--B10 4600 hours Furthermore we can find how many percent failures we expect to obtain in one year of continuous operation. In this case we get:-- The next step is to plot the 11 failures belonging to subpopulation 1 as if they were a "sample" from a population containing only flawed components. In this case the "sample"
size is 11 and all in the "sample" have failed. The corresponding table is as follows (Table  VI) . The Plotting on Weibull-paper gives figure 11 and in the usual manner we can estimate that:--/1-" 1.3 01 570 h which is very similar to the previous rough estimates With regard to the points belonging to subpopulation 2 we must realise that these two (or maybe three) points are too few to make any analysis realistic. This will often be the case in practical testing. However, a comprehensive description of the analysing method has been given by Jensen and 
